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Abstract. We show a low energy physical meaning of nonlinear supersymmetric general relativity 
(NLSUSY GR) in asymptotic Riemann-flat space-time by studying the vacuum structure of A'' = 2 
linear supersymmetry (LSUSY) invariant QED, which is equivalent to A'^ = 2 NLSUSY model, 
in two dimensional space-time. Two different vacuum field configurations of 5*0(3, 1) isometry 
describe the two different physical vacua, i.e. one breaks spontaneously both ?7(1) and SUSY and 
the other breaks spontaneously SUSY alone, where the latter elucidates the mysterious relations 
between the cosmology and the (low energy) particle physics and gives a new insight into the origin 
of mass. 

PACS. 04.50.-|-h unified field theories, - 12.60.Jv supersymmetric models, - 12.60.Rc composite 
models, - 12.10.-g unified field theories and models 



By extending the geometric arguments of Einstein gen- 
eral relativity (EGR) on Riemann space-time to new 
space-time just inspired by nonlinear supersymmetry 
(NLSUSY), where tangent space-time is specified by 
not only Xa for 5*0(3, 1) but also the Grassmanian 
for isomorphic SL{2, C) of NLSUSY, the fundamental 
action (called nonlinear supersymmetric general rela- 
tivity (NLSUSY GR)) has been constructed [Il[2], 

L{w)^j^\wmw)-A), (1) 

\w\ = det u.% = det(e% + t%{iP)), 

t\(^) - - ^MVi^7>^), (2) 

where G is the Newton gravitational constant, yl is a 
{small) cosmological term and i — 1, 2, • • • ,N. w°- ^{x) 
= e'^M + e'^M for the local 50(3,1), i"^(i/') 

for the local SL{2, C) and f2{w) are the invertible 
unified vierbein of new spacetime, the ordinary vier- 
bein of EGR, the stress-energy-momentum of super- 
ons tp{x) and the the unified scalar curvature of new 
(SGM) spacetime, respectively, s^^ = w"' ^rjabW^ u and 
s^'^{x) = a{x)w'^°' {x) are unified metric tensors of 
SGM spacetime. New space-time is the generalization 
of the compact isomorphic groups SU{2) and 50(3) 
for the gauge symmetry of 't Hooft-Polyakov monopole 
into the noncompact isomorphic groups 50(1,3) and 
SL{2C) for space-time symmetry. NLSUSY GR ac- 
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tion ID) possesses promissing large symmetries isomor- 
phic to SO{N) (50(10)) super-Poincare group [3ll4]: 
namely, L{w) is invariant under 

[new NLSUSY] (g, [local GL(4,R)] 

(8) [local Lorentz] (g) [local spinor translation] (3) 

for spacetime symmetries and 

[global50(iV)] (g) [localJ7(l)^] (4) 

for the internal symmetries. Note that the no-go the- 
orem is overcome (circumvented) in the sense that 
the non-tivial A^-extended SUSY gravity theory with 
N > 8 has been constructed in the NLSUSY invari- 
ant way. NLSUSY GR L{w) (called superon-graviton 
model (SGM) from composite viewpoint) on new emp- 
ty space-time written in the form of the vacuum Ein- 
stein - Hilbert (EH) type is unstable due to NLSUSY 
structure of tangent space-time and decays (called Big 
Decay [4j) spontaneously into ordinary EH action with 
the cosmplogical constant A, NLSUSY action for N 
Nambu-Goldstone (NG) fermions (called superons as 
hypothetical spin 1/2 objects constituting all observed 
particles) and their gravitational interactions on or- 
dinary Riemann space-time written formally as the 
following SGM action, which ignites Big Bang of the 
present observed universe; 

L{e,i,)^^\e\{R{e)-A + fie,^)}, (5) 

where R{e) is the scalar curvature of EH action and 
T(e, ip) represents the kinetic term and the gravita- 
tional interaction of superons. 



Cosmology and Astrophysics 



Considering that SGM action reduces to iV - ex- 
tended NLSUSY action with = (^;^)~^ in asymp- 
totic Riemann-flat (e"^ 6'^) space-time after Big 
Decay, it is interesting from the low energy physics 
viewpoints to construct the A^-extended hnear (L) SU- 
SY theory equivalent to iV-extended NLSUSY model. 
We have shown explicitly by the heuristic arguments 
for simplicity in two space-time dimensions {d = 2) 
[SPej that N = 2 LSUSY interacting QED is equiva- 
lent (in a sense that SUSY invariant relations between 
basic fields in LSUSY theories and the NG fermions 
hold) to iV = 2 NLSUSY model. (Note that the min- 
imal realistic SUSY QED in SGM composite scenario 
is described by = 2 SUSY [7J.) 

Indeed, N — 2 NLSUSY action for two superons 
(NG fermions) ip"^ {i — 1,2) in d — 2 is written as 
follows, 



ich is manifestly invariant under the local U{1) trans- 
formation. (For further details see ref. ^6^.) 

For extracting the low energy particle physics con- 
tents of TV = 2 SGM (NLSUSY GR) we consider in 
Riemann-flat asymptotic space-time, where N = 2 
SGM reduces to essentially = 2 NLSUSY action 
equivalent to iV = 2 SUSY QED action, i.e. 

i7V=2NLSUSY + [sufacc tcrms] = Ljv=2SUSYQEd(8) 

The equivalence of the two theories are shown explic- 
itly by substituting the following generalized SUSY in- 
variant relations [6] into the LSUSY theory. The SUSY 
invariant relations for (w", X\A, (p, D) as composites of 

-0* are 



^JV=2NLSUSY 

1 



w 



1 



o 9 1 1 + ^"a + T^it^'at b — bt a) 

2k^ 1 2! 

1 
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■iK^(V''^V'V^>'/'^ - ^"j''dbtp'ij'-f''dailJ^) I (6) 



where k is a constant whose dimension is (mass) ^ and 
= det(w°b) = det{S^ + t°b), t^b = ~iK^4>^j''db^\ 
The most general N = 2 LSUSY QED action in d = 2, 
is written as follows for the massless case, 

iAr=2SUSYQED 

- -liFab? + I'y^y + lidaAf + lidaCbf + 

K 2 I 2 2 

+e {iVaXl^v - e'^v^E'daB^ + X'xB' + e'^X'vB' 
-\D{B'f + i(xx + Vu)A - xi^vc, 



^\^e\va^~A^-<i?)m''- 



(7) 



where (u". A*, ^, 0, £>) [Fab = daVb ~ db^a) is the off- 
shell vector supermultiplet containing t;° for a i7(l) 
vector field. A* for doublet (Majorana) fermions and 
A for a scalar field in addition to (p for another scalar 
field and D for an auxiliary scalar field, while (x, i?*, 
F^) is off-shell scalar supermultiplet containing (x, v) 
for two (Majorana) are fermions, for doublet scalar 
fields and for auxiliary scalar fields. Also f is an ar- 
bitrary demensionless parameter giving a magnitude 
of SUSY breaking mass, and / and e are Yukawa and 
gauge coupling constants with the dimension (mass)^, 
respectively. = 2 LSUSY QED action (O can be 
rewritten as the familiar manifestly covariant form wh- 



A ' 



1 



D = 



(9) 



while for {x,B^, v, F^) 

x = e 



V-'l^l -I- -K29a{7"V'W^'(l - ireV^V''')} 



B' 



F' = if \\w\ -f \n'^dad''{^^iP^i)''i^'') 



-i<^aa(V;*7>^ |«;|) - ieK^^f (10) 

where f in are arbitrary parameters satisfying — 
{CY = 1- The familiar LSUSY transformations on the 
component fields of the supermultiplet are reproduced 
in tcrms of the NLSUSY transformations on the su- 
perons "0' contained. 

It is interesting that the four-fermion self-interaction 
term (i.e. the condensation of ip^) appearing in only 
the auxiliary fields is the origin of the familiar local 
U{1) gauge symmetry of LSUSY theory. Is the conden- 
sation of superons the origin of the local gauge inter- 
action? 

We can show that the above arguments in the relation 
between A^ = 2 NLSUSY model and A^ = 2 LSUSY 
QED also hold for the theory constructed from ex- 
tended scalar (matter) supermultiplets coupled to the 
vector supermultiplet. 
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Low energy particle physics and NLSUSY GR 



Now we study the vacuum structure of A'" = 2 
SUSY QED action ([T]) The vacuum is determined 
by the minimmn of the potential V{A^ <j), B*, D), 



ViA,cj,,B\D) 



^-f{A'-cj^') + ^e{B^f} 0.(11) 



Substituting the solution of the equation of motion for 
the auxiliary field D we obtain 

1 



V{A,cj,,B') = -f 



A'^cb'^^iB^-^ >0. 

2/ JK J 

(12) 

The configurations of the fields corresponding to the 
vacua in (A, (j), i3*)-space, which are 50(1, 3) or 5*0(3, 
1) invariant, are classified according to the signatures 
of the parameters e, /, ^, k as follows: 
(I) For e/ > 0, > case. 



A^-(l)^^{B' f =k^. i^B' = 

(II) For e/ < 0, > case, 
A^-(P^ + {B' f = k\ (^B' = 

(III) For e/ > 0, ;^ < case. 



2/ /« 



2/ 



:B\ e 



(13) 
(14) 



A' 



[B'f = e 



B' = 



:B\ e 



(IV) For e/ < 0, ;^ < case 



-A^+4>''-{B'f = e 



B' = j-—B\ e = 

2/ ' 



(15) 
(16) 

We find that the vacua (I) and (IV) with 50(1,3) 
isometry in (A, 0, i3*)-space are unphysical, for they 
produce the pathological wrong sign kinetic terms for 
the fields induced around the vacuum. 

As for the cases (II) and (III) we perform the sim- 
ilar arguments as shown below and find that two dif- 
ferent physical vacua appear. The physical particle 
spectrum is obtained by expanding the field [A, <j), B"^) 
around the vacuum with 50(3, 1) isometry. 

For case (II), the following two expressions (Ila) 
and (lib) are considered: 
Case (Ila) 

A = {k + p) sin 9 cosh lu 
(j) — (k + p) sinhw 
B^ — {k + p) cos 6 cos ip cosh cu 
B^ — {k + p) cos sin iy9 cosh w. 



and 

Case (lib) 



A = —{k + p) cos 6 cos Lp cosh uj 
(j) = {k -\- p) sinhw 

B^ [k + p) sin 9 cosh uj 
B^ [k + p) cos 6 sin ip cosh oj 



Note that for the case (III) the arguments are the same 
by exchanging A and 0, which we call (Ilia) and (Illb). 

Substituting these expressions into ijv=2SUSYQED 
(A, (/), i?*) and expanding the action around the vac- 
uum configuration we obtain the physical particle con- 
tents. For the cases (Ila) and (Ilia) we obtain 



-^Af=2SUSYQED 

= ^{ap)'-2(-e/)fcV} 

+ l{idaOf + {dauf - 2{-ef)k\e^ + C.2)} 



and the consequent mass genaration 



(17) 



2 2 2 



ml^ = 2(-e/)fc2 
m>i = — m^, — — 0. 



2^e 



(18) 



(Note that ip is NG boson for the spontaneous breaking 
of U{1) symmetry, i.e. the U (1) phase of B, and totally 
gauged away by the Higgs-Kibble mechanism for U{1) 
gauge.) The vacuum breaks both SUSY and the local 
U{1) spontaneously. All bosons have the same mass, 
which is different from the cases (II) and (III) and 
all fermions remain massless, remarkably. The physical 
meaning of the off-diagonal mass terms \/ —2ef{\^x~ 
X^v) = 2e/(xDA -f- Axd) for fermions is unclear 
(pathological?), which may induce the mixings of ferm- 
ions and/or the lepton (baryon) number violations. 

By the similar computations for (lib) and (Illb) 
we obtain 



^A'=2SUSYQED 

+ \{{daef + {daP^f - e2fc2(02 ^ ^2)| 



+ -{i\yy ^2fkX'\') 



(19) 
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and the following mass spectrum which indicates that 
SUSY is broken spontaneously as expected; 

2 2 2 2 2i2 

mg ^ ra^j ^ e k = — j, 

= = 0, (20) 

which can produce mass hierarchy by the factor j . The 
local U{\) gauge symmetry is not broken. The mass- 
less scalar w is a NG boson for the degeneracy of the 
vacuum in i32)-space, which is gauged away pro- 
vided the gauge symmetry between the vector and the 
scalar multiplet is introduced. As for the cosmological 
significances of TV = 2 SUSY QED in SGM scenario, 
the vacuum of the cases (lib) and (Illb) produces the 
same interesting predictions as already pointed out in 
iV = 2 pure SUSY QED in SGM scenario g], which 
may simply explain the observed mysterious (numeri- 
cal) relations and give a new insight into the origin of 
mass 

{{dark) energy density of the universe)obs ~ 
10-12 ^ (m,)ob/ ~ ^ ~ 

provided ~ and A' is identified with neutrino, 
(yl, G and gsv are the cosmological constant of NL- 
SUSY GR (SGM) on empty new space-time, the New- 
ton gravitational constant and the superon-vacuum 
coupling constant via the supercurrent, respectively 
[T]|4j.) While the vacua of the cases (Ila) and (Ilia), 
though apparently pathological in d = 2 so far, give 
new features characteristic of iV = 2 and may be 
generic for N > 2 and deserve further investigations. 

The similar investigations in d = 4 are urgent and 
the extension of Gell-Mann's idea [9] to large N, es- 
pecially to A'^ — 5, is important for superon quintet 
hypothesis in SGM scenario with iV = 10 = 5-|-51 [2] 
and to TV = 4 is suggestive for the anomaly free non- 
trivial d = 4 field theory. 

Also NLSUSY GR in extra space-time dimensions 
is an interesting problem, which can describe all ob- 
served particles as elementary a la Kaluza-Klein. 

Our analysis shows that the vacua of A^-extended 
NLSUSY GR action in SGM scenario possess rich stru- 
ctures promissing for the unified description of nature, 
where A^-extended LSUSY theory appears as the vac- 
uum field configurations of A^-extended NLSUSY the- 
ory on Minkowski tangent space-time. 
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